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By John E. Baker 

This report  presenta preliminary data obtained in the Langley 
supersonic sphere- The supersonfc sphere is essentially a whirlfng 
Icechanisrn enclosed in 8 steel she l l  which can be f i l l e d  wlth either 
air or Freon gas. The t e s t  mcdela for two -dimensional a tudy are 
of propeller form having the sans plan form and diameter but 
varying only in the airfoil shape snd thicbness ratio. Torque 
coefficiente for the 16-006, 65-110, and the 15 percent -thick 
ellipse X&&els are presented, a6 well as pressure distributions on a 
circular-arc  supersonic a i r f o i l  lsection having a maximum thlcknees 
of 10 .percent chord at the 1 -chord position. 

3 . I  

h Torque coefficiente were.measured fn both Freon and air on . t h e  15-p.ercent-thick ellfpse, and the data obtained in: air and 
Freon. are found. to be in close agreemnt. 

'The torque coefficients for  the three previowly mentiaed 
models showed large differences fn magnitae at . t ip Mach numbers 
above 1, the node1 w i t h  the thickest airfoil section having the 
largest torque coefficlant. 

Pressure distributione on the prevlowly mentioned circular-arc ; .  airfoil section ars presented at Mach numbem of 0.69, 1.26, and 1.42. 

A t  Mach nunibers of 1.26 ard 1.42 the t e s t  section is in  the 
mixed flaw region where both subsonic and supersonic speeds occur on 
the airfoil. No adequate theory has been developed for this ' 

condition of mixed flow, but the expirimental data have been compqed 
with valuee of preseure based on Ackeret's theory. 

I .. 

The experinental data obtained' at a Mach number of 1.~6~ an the' 
rear portion of the airfoil section agree fairly mllwith the 
values calculated by Ackeret ' 8  theory. A t  a Mach nuniber of 1.h2 ' 

a larger-percentage of t h e  airfoil  is in euwrbonio flow, and the 
experimental data for the entire airf 'oll agree fairly well w i t h  the 
values obtained ming Ackeret 's theory. 
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Reaearch on disks aad streamlined rods rotating in Freon 
(reference I) demonstrated the femibility of larger e c d e  test- 
in this gas. The initial research program for the studs of airfoil 
characteristics in Freon w88 assigned to the supersonic ephere, since 
the power requirements and instrumentation coste would be much less 
than for a euf'f'iciently large supereonio wlnd tunneb. The supersonic 
sphere i a  eseentially a whirling mechanism enclosed in a steel shell  
that can be aealed from the atmosphere and f i l l ed  wfth either air 
or Freon g a ~ .  

The investigations in the supersonic sphere under the present 
program Include pressure distributions, and torque and thrust 
rneaaurements at trazllsonic and supersonic speeds for models of 
conventional airfoil shape as well a6 sharp-edge supereqic airfctils 

ThO nodele for two-digensional 8 t U d y  are built.3n prupeller form 
with the desirea airfoil shapes. Thie method of stud,y yeilds approxi- 
mately two-Birnensfonal. remlte  which are sufficient for ,the  comparative 
result8 required in the present reeeeslch program. 

This report present8 Pr;elimLnary data which has been obtained 
from the superaonic sphere tea ta .  Included in thi@ presentation are 
torque measurements on the 16 -006, 65 -UQ, and the 15-percent-thick 
eUipae models aa well as pressure distributims OR a circulaJr-arc 
airfoil having 6' maximum thickness of 10 percent chord st the -chord 
posttion. 
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m e  cooling fan in the refrigeration aErparatua circulates the 
fluid mound the sphere, shown achematically in f iqure 1, 8% 8 kimum 
velocity of appr0xin;atel.y 20 miles per hour through the plane.6f ' 

rotation of the  model. Thi8 small velocity &s compared with t h e  ' 
large velocity of the rotat- model has a small ef fec t  on t h e  . . 
effective angle of attack, but the torque coefficients w e  not ' . . ' 
sensitive t o  mall changes of the angle of attack when the modei .fs 
at 0' pitch. 

The sphere can be f fUed w i t h  Beon ges having a sound velocity 
of approximately 320 mllea per hour  (table I) . Since a tip speed' 
of 960 miles per hour can be attained on the whirling a h ,  a h c h  , 

number of 3 can be reached. / .  
. ,  ." . . 

The two-dimensional  test mcdele a r e  b u i l t -  in propeller form w i t h  
the desired  airfofl  section.(See figs. 2 and 3 . )  Flutter , 

vibration dah are  supplied by strain gages an the mcdels 
vibratioi pickups on t h e  motor supporting e+zute, the pm$osb 
b e i r ?  to indicate when exceesfve f l u t t e r  and vfbreficn occw. B O '  I. 
that  these  conditions be avoided in the interests of safety. 

Torque and . W t ,  measuremente are made on 'these models, .: .. . 
supplying data f r o m  which the cmparatfve l i f t  and drag coefficiente' 
of the'riodels Wy be-calculated. 

Pressure dit3tribUtiOnS are also taken alcrq the chord of a section 
of the andel located slighC,ly ever f-chmd length- f r o m  the t i p  The 
pressure tubes from the test section are inlaid along the epan of the 
model and transmit the pressures to the axis  of rotation. A rotating 
multichmnel pressure seal then transmits the pre~euree from the 
rotating model to the pressure tubee lead2ng to the mercury mul.t;i-, 
manometer  mounted in the laboratory t e s t  panel (fig- 4). - .  

. A section view of the 1o-channel rotating pressure seal used in 
the sukersonic 8phere is shown in figure 5. The outer shell g.nd the 
small inner tube are attached to t he  hub of the whirling model'and ' 
rotate with it. Ten 0.Ow-inch pressure tubes are connectea 
externally to the pressure tubee on €he model and extend into the 

mall inner tube whsre they terminate at -inch intervals flush with 

the  outside of thie tube. The stationary portion of t h e  transmitter 
is supported by the rotating outer  shell and holds 10 discs s p c a d  
so that they cover each of t he  points on the small inner tube where 
t h e  rotating pressure tubes terminate. A ,channel  nachined on:.the 
inside of the center hole in each disk provides a cheniber f o r  
transmitting the yressures frcm t h e  ro ta t ing  tube to t h e  stationary 
part of the assembly. The channels are sealed against pressure 

a 
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leakage by short lengths of neoprene tubing on both sides of each 
disk, and held i n  place by f i l l tng  the surrounding chamber w i t h  
glycerin under pressure. Two O.050-fnch t u b e  m e  vente4 from tihe 
charmel i n  each disk, the uger  tube leading to the mummeter in 
the laboratorx,, and the lower tllbe func t ianhg & ~ l  a &%in to 
relieve the pressure system of any glycerin that l e a s  In from the 
glycerin seal. 

Torque measurements have been mede i n  both air and Freon on 
models having approximatePJ the a m  plan form and &meter and 
vayI11& only In airfoil shape and thickness ratio (ffg. 3 and table 11). 
The samo hub was used f o r  each model, this enablir! a direct 
corngarison of the data obtained. Preliminary *que measurements 
have been r m i e  a t  Oo pitch on models having the airfoil  
 shape^: 16-006, 65-110, and 1.5 -percent-thick ellipse (fig 6 )  - 

Presiminary pressure dist r ibut ions have also been made in 
Freon gas on a model having a circular-arc airfofl section w i t h  a 
maximum thickness of 10 percent chord at the- -chord position. 

(fit 6 )  . This is a supsrsanic airfoil having e* sharp leading and 
Wiling edga b u i l t  into a model having a rec"43- plan form and 
a tapered'thickness retio along the radiue (table 11). The model 
was mounted i n  a special slotted hub which wa0 designed f o r  &hie 
purpose 

1 
3 

The torque data obmrved for Yne 16-005 model, the 63-uo model, 
and the 15-percent-thick ellipse model a r e  ahown In figure 7 as a 
function of the tip Mach number. The probable torque due to the hub 
drag is also shown, and t he  torque coefficients shown f o r  the three 
models have n o t  been corrected for this factor. The torque d a t a  
have been reduced to the coefficients by the general formulas, 

where 

Q torque, pound feet 
t 

n ro ta t iona l  speed, revolutions per aecond 
D t i p  diameter of the model, feet  
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Experimental data obtained in Full atamsphere air and 
1 

compared and the results preeented in figure 7. The Reynolds niuabera 
for thie  model,  calculated for a 5-inch  chord and a h c h  number of 1, 
are approximately 3,OOO,OOO f o r  full atmosphere air and 2,000,000 
for-q -atmosphere Freon. Additional data not presented In this 
report  Sndicate  that t he  torque coefficients for this model a r e  not 
eansitive  to the Reynold8  number  effect in this range of Reynolds 
number. The good agreement between the air a d  Bean data a6 seen, 
in figure 7 indicates that there is no appreciable discrepancy 
between data obtained tn Freon and air. 

- -atmosphere Freon on .the 15percent-thick ellipse model have been 4 

1 

A n  appreciable difference can be seen in t h e  magnitude of the 
torque coefficienka obtafned for t h e  three models tesAkd. This 
vmiation is probably due prirearily to the thfcknese  affect. . The 
torque due to the hub drag tends to fhtten out t h e  C curves 
after the'inascimum value8 are, reached because of the rapid increase- I 
in the hub at, high t i p  Mach nunibere. Thie increase is caused , 

by t he  Pncrease. in hub drag when the local velocit ies on the. hub ~ . 
exceed & Mach number of 1. The.' instaU.stion of a ap imer  1s . 
expected to decrease thie efTect. 

Q . .  

Three pressure  distributions  obteined on a oircular-arc super- 
scnic airfofl secticn hav- 8 wlmum thickness cf PO percent chord 
&t - chord  operating in Freon gas 'are presented in flgure 8. The 

pressure coefficients %!- are plot ted as a function of the chord, 
where Ap is the-difference  between the preesure on the airfoil and 
t h e  st&& preserure, &d 9 is the Q'imnIc pressure "pv . The 

pressures shown have been corrected for centrifuge1 force and 
temperature variation along the span of t h ~  model.. The derivetian 
for the pressure correction is given in the appandix. . 

1 
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The experimsntal data taken at B .Mach Isumber of 0.69, shown fn 
figure 8(a), correspond fairly well with the theoretical conrpressibla 
curve. It is dffficult  to draw any conclusions at this Mach rimer 
since the three-dimensional  effect of t h e  tfp of the model znsy cawe 
a devietion from t h e  assumed  two-dimensions1 flaw. 

Supersonic flow  over the entire airfoil hes not been attained 
at Mach numbers of 1.26 and 1.42, the experfmentebl data being shown 
In figure 8(b) and 8(c). A stream Mach number of 1.58 must be 
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reached before total supersonic flow is obtained, due to the 
magnitude of the turning angle at the leading edge of the airfoil 
section. No adequate theory haa been developed for the condition 
of mixed flow at supersonic speeds, but the curves based on 
Ackeret ' 8  theory a r e  shown, t h o  presswe coefficient3 given by 
Ackeret ' 8  thin airfoil theory (reference 2): 

where 

E elope of the surface to the direction of f h w ,  radians 

M stream Mach number 

It is interesting to note in f i g w e  8(b) t h a t  at  a Mach number 
of 1.26 the experimental data on the rear surf'ace of the  airf'oil 
correspond very closely to t he  c w e  based on Ackeret's theory. 
A t  a Mach number of 1.42 more of t h e  airfoil is in supersonic flow, 
and from figure 8(c) it can be obaerved that t h e  experimental dater 
on both the leading and. trailing' surface of the airfoil correspond. 
fairly well uith Ackeret ' 8  c m o .  

Langley Memorial Aeronautical Laborator,v 
National Adviscrg Conanittee for Aeronautics 

Langley Field, Va. 

, 
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The pressures recorded from the manometer are not the pressures 
occurring at the t e s t  section but are those found at the  center of 
r@ta.tion. A correction must be made for the centrifngal force on 
the column of gas in the pressure tubes located elong the m o d a l .  The 
Arademental equation for the centrifugal force i e  

Substi.i;uting this equivalent in equation (1) gives 

ap Eiu2r dr 
"= 

P T 

Since the tmperature d o n g  the radius of the  nodel is not constant, 
the following correction for temperature was used in analyzing this 
preliminars Wta. i 

The adiabatic relationshi5 for  the stagnation tengerature is 
given by 

4 

Y r a t i o  of specific heats 

M stream Yich nWer 
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m 

where 

which reduces to -1 

where 

Mt 

Pt 

the stream Mach number of the test secticm 

the pres- at t he  t e s t  section 

the pressure at the center of rotation 



NACA RM No. ~6120 - 
2. Taylor, G. I. and Maccoll, J. W. : The Mechanics of 

Compressible Fluide. Vol. Iu: of Aerodynamic Theory 
Two-Dimensional Flow at Supersonic Speede. div. H, 
ch. SV, m c .  1, W. F. Durand, ea., Julfus Springer ( B e r l i n ) ,  
1933, PP- 234 - 236. 
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SUPERSONIC SPHERE 

STRAIN GAMES =. 

TESTSECTDN - 

I-- TORQUE 
THRUST MANOMETER 

LAW1 48s3 

Figure 1.- Schematic diagram of the supersonic sphere. 
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Fig. 3 
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16-006 NATIONAL ADVISORY 
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Figure 3.- Plan form of two-dimenelonal t e e t  models. 
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Figure 5. Croea-section vier of pressure frananitter. Only one presaure tube i e  s h ,  

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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Figure 6.- Airfoil motions  of models tested. 
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Fig. 7 
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Figure 7.- Effeot  of Haoh number on torque. 
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Fig. 8 
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(a) H = 0.69 

Figure 8.- Preaeure diatribution on a circular- 
aro a i r f o i l  aeotion. 
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Figure 8.- Conoluded. 
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